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GENERAL INTRODUCTION 
Over the last decade, aquatic toxicologists have been searching 
for new methods which embody the best features of acute lethality and 
chronic sublethal toxicity tests, i.e. new tests that are short-term, 
inexpensive, sensitive to low levels of contaminants, and provide 
standardized protocols. Although many interesting approaches have 
recently been developed, few have reached the standardization phase 
and many produce results which are difficult to apply or extrapolate 
to field situations. The current bottleneck in aquatic toxicology is 
thus one of determining the ecological significance of an effect. 
Can we first verify laboratory effects in the field, and secondly, 
what do the results mean to the survival and reproductive capability 
of the population? 
This research was conceived in 1976 to address, in small part, 
these issues. It was the original intent of this author to employ 
behavioral changes as indices of toxicant effect at sublethal levels 
of exposure. The underlying rationale to such an approach was 
threefold: 1) behavior is the organismal level manifestation of a 
physiological, biochemical, environmental influenced and motivational 
state of an organism; 2) Selye (1974) indicated that behavioral 
changes were very early warning indicators of diseased states in 
mammals, including humans, therefore demonstrated behavioral 
sensitivity; 3} alterations in behavior due to contaminants might 
provide more meaningful bridges for ecological interpretation. For 
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example, intensified aggression due to a toxicant could impact 
survival and reproduction if social organization was degraded. 
Few behavioral toxicology bioassays had been developed up to 
1975. Most of the few tests conducted failed to address the 
ecological/life history characteristics of the test animal. Sparks 
et al. (1972) did recognize the dominant-subordinate hierarchy 
forming tendencies of bluegill, Lepomis macrochirus. but far from 
standardized an approach. Consequently, copious preliminary 
considerations had to be addressed in this author's research before 
standardization and testing could be completed. Optimal bluegill 
stocking density, the utility of plant cover, density and type of 
plant cover, feeding regime, photoperiod, fish size, etc. had to be 
determined. In addition, ground work had to be done to develop a 
bluegill ethogram, or inventory of behaviors, from which 
representative behaviors could be selected for monitoring under 
treated conditions. Recording devices, individual identification 
methods, and optimal observation period length were also developed 
prior to testing. 
The first complete test was conducted in 1977-1978, using a 
cadmium and zinc mixture as the toxicant. These test results were 
published in 1979 (Henry and Atchison 1979a, 1979b). As with many 
research projects, a successful experiment raises more questions than 
it answers. Could this test be replicated; was it applicable across 
a range of chemically distinct compounds; could it be further 
standardized and streamlined? It was the purpose of the present 
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research effort to answer these questions. By using three compounds 
belonging to different chemical families characterized by distinct 
toxic modes of action, the general applicability of this approach 
could be evaluated. Additionally, by using three different toxicants 
the organismal level adaptive limitations of bluegill groups could be 
assessed. 
The range of behaviors that have been monitored in this study 
attempt to address three ethogram subdivisions: 1} the respiratory 
process; 2) body maintenance and nervous system function; and 3) 
social interactions. All of these relate either directly or 
indirectly to survival through maintenance of body function or social 
organization. The concentrations which have been seen to cause 
behavioral alterations have also been compared in this text to 
classical toxicity effect concentrations as well as to concentrations 
designated as safe for aquatic life by the EPA. These comparisons of 
classical endpoints to behavioral endpoints have aided in the 
evaluation of the sensitivity of this test method. 
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EXPLANATION OF DISSERTATION FORMAT 
This dissertation is arranged in three sections. Each section 
describes a pair of experiments using a specific chemical but the 
same behavioral toxicity test technique. Each section should stand 
alone and it is my intention to send each section to three different 
scientific journals for possible publication. An overall 
introduction and summary provide the reader with the rationale for 
the research and a brief comparison of results from each set of 
experiments. 
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SECTION I. BEHAVIORAL EFFECTS OF METHYL 
PARATHION ON SOCIAL GROUPS 
OF BLUEGILL, LEPOMIS MACROCHHUS 
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INTRODUCTION 
Organophosphate (OP) insecticides replaced most organochlorine 
insecticides after the DDT controversy of the late I960*s. Most of 
these first generation OF compounds, still widely used, seemed to 
pose less hazard to nontarget organisms because they are less 
lipophilic (Khan 1977) and less persistent in aquatic environments 
than are organochlorine compounds. Although compounds such as 
parathion, malathion, and methyl parathion are chemically ephemeral 
(Apperson et al. 1976; Mulla and Mian 1981), they are nevertheless 
toxic to fish and aquatic invertebrates and may do damage at 
recommended application rates, both over short time periods and after 
repeated exposures during a spraying season. 
In producing a toxic effect, organophosphate compounds inhibit 
cholinesterase at synaptic and neuromuscular junctions. Severe 
inhibition of this enzyme results in hyperactivity, convulsions, 
muscular spasms, tetany, and eventually death (Brown 1978). 
Inhibition of cholinesterase has been detected in fish from the 
laboratory (Coppage 1971; Coppage et al. 1975; Goodman et al. 1979; 
Klaverkamp and Hobden 1980) and field (Coppage and Braidech 1976) 
that have been exposed to both lethal and sublethal concentrations of 
OP compounds. More information is needed to evaluate how short-term, 
sublethal exposures relate to the organism's ability to function in 
its natural environment. 
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Methyl parathion was used in this study for these reasons: it is 
widely applied to forests and cropland; it has been detected in 
bluegill (Lepomis macrochirus) collected from a lake after spraying 
(Apperson et al. 1976) indicating some potential for bioaccumulation; 
and it is toxicologically representative of first generation OP 
insecticides that induce the types of nervous system disruptions 
previously mentioned. 
An evaluation of the ecological significance of any 
contaminant's impact on fish requires the use of an organized and 
complementary array of measurements that demonstrate, directly or 
indirectly, the impacts of contaminants on survival and reproduction. 
When such measurements are examined in the laboratory, documented 
changes can provide direction for development of indices useful for 
field verification of toxicant effects. 
Standard acute lethality tests are useful in providing 
information on concentrations producing mortality. However, acute 
yet sublethal exposures are more likely to occur in nature when 
organophosphates are of concern. Full life cycle chronic tests, 
while helpful in assessing sublethal effects of toxicants on growth, 
reproduction, and survival over a long period of time, are not 
applicable to OF compounds like methyl parathion which do not persist 
long enough in aquatic systems to span the life cycle of even 
short-lived invertebrates that might be used in classical lab 
bioassays. Consequently, sensitive yet short-term tests are needed 
to evaluate the acutely sublethal toxicity of methyl parathion. 
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A bluegill behavioral bioassay was used since it provides rapid 
yet sensitive test results on biological effects of low-level 
exposures and also relates toxicant-induced changes to intraspecific 
fish interactions (Henry and Atchison 1979a, 1979b). Bluegill form 
social hierarchies under laboratory conditions as well as in the 
field during the spawning season. Contaminant induced changes in the 
social organization of this species could affect survival and 
reproduction of individuals in a natural population if associated 
courtship, territoriality, aggression, feeding, and comfort movements 
are disrupted. 
Changes in both individual responses and responses of social 
origin between conspecifics were monitored during this study. An 
individual's behavior can reflect the state of its overall health 
prior to and after toxicant administration, evidenced principally as 
respiratory disruptions and increased frequency of comfort movements. 
Differential sensitivity to the toxicant due to social rank, 
reflected in aggressive behaviors, is indicative of effects at the 
population level. 
Behavioral changes associated with OP insecticides have only 
been observed in a few cases. Loss of locomotor control (Rand 1977), 
avoidance (Kynard 1974), failure to select optimal temperatures 
(Domanik and Zar 1978), decreased feeding, increased aggression, 
elevated numbers of performed comfort movements and respiratory 
disruptions (Bull and Mclnerney 1974) have been observed for a 
variety of species in connection with various OF compounds. 
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Selective prédation of gulf killfish (Fundulus grandis) on treated 
prey (Farr 1977, 1978), disruption of social displays in Siamese 
fighting fish (Betta splendens) (Welsh and Hanselka 1972), and 
decreased thermal tolerance and activity in mosquitofish Gambusia 
affinis (Johnson 1978) are the only documented behavioral changes 
associated with methyl parathion toxicity. 
The objectives of this study were to: 1) use a social 
organization behavioral bioassay to evaluate the acutely sublethal 
effects of methyl parathion on bluegill and 2) compare the 
sensitivity of this approach to previously reported procedures 
described in the literature for detecting changes in growth, 
reproduction, survival, or behavior of fish exposed to methyl 
parathion. 
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MATERIALS AïïD METHODS 
Forty age II bluegill (11.5 to 15.0 cm total length; 28.0 to 
51.6 g) were raised and tested at the Columbia National Fisheries 
Research Laboratory. Twenty fish were used in each of two 
replications of this experiment. For each replication, five fish 
were randomly assigned to one of four 295-liter flow-through glass 
test tanks (Figure 1). Each tank was layered with gravel and planted 
with Elodea sp. to provide fish with substrate and cover. 
Fish were maintained throughout the study at 17°C, under a 16 
hr/8 hr light-dark photoperiod, and were fed Purina trout chow (#6) 
twice daily until satiation. Water quality characteristics (Table I) 
remained constant during and between replications. The sex of all 
individuals was determined by dissection at the end of the 
experiment. In 7 of 8 hierarchies, the most dominant individual was 
male and the most subordinate was female. 
Each replication was composed of three phases: 1) acclimation 
period (1 to 2 wk), 2) control (96 hr), and 3) treatment (96 hr). 
Acclimation was judged to be complete when all fish were feeding 
regularly and once hierarchies and territories had been established. 
Ten behaviors (described briefly in Table II) were observed 
daily for each test population during control and treatment periods. 
Two hr time blocks (1/2 hr/tank) were randomized and rotated through 
the 16 hr light portion of the photoperiod so that observations on 
day 1 of both control and treatment periods took place from 4-6 pm. 
117 cm. 
figure 1. 295 liter glass aquarium. 
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Table I. Characteristics of test water; means and standard 
deviations based on biweekly analyses (N=28), for 
both replicates. 
Total Hardness (mg/L CaCO]) 273.3 +. 4.1 
Alkalinity (mg/L CaCOg) 235.7 +_ 3.6 
pH -7 .4 +_ 0.8 
Temperature (°C) 16.5 +.1,3 
Dissolved Oxygen (mg/L) 9.8 +_ 2.4 
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Table II. Brief descriptions of the ten behaviors monitored 
in this study. 
CATEGORY OF BEHAVIOR DESCRIPTION 
I. RESPIRATORY DISRUPTIONS 
cough rapid, repeated opening and closing of 
mouth and opercular coverings, 
accompanied by partly extended fins 
yawn singularly occurring maximal opening 
of mouth and opercular coverings, 
accompanied by hyperextension of all 
fins 
II. COMFORT MOVEMENTS 
"s"-jerk whole body flinch, moving sequentially 
from head to tail 
partial jerk head or tail flinch 
fin flick rapid, repeated extension and 
contraction of spines and rays of fins 
burst swimming sudden, rapid, nondirected spurt of 
forward movement 
chafe brush of the body against an inanimate 
object 
III. AGGRESSIVE INTERACTIONS 
threat flare of opercular coverings 
accompanied by slight intention 
movement toward conspecific 
nudge contact of closed mouth to body 
between fish, recipient is not 
displaced or bitten. 
nip bite 
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day 2 = 8-10 am, day 3 = 8-10 pm, day 4 = 12-2 pm. This rotated 
observation schedule was incorporated into the experimental design so 
that diurnal fluctuations in activity would not be confounded with 
toxicant effect. Tank observation order was also randomized within 
each 2 hr time block. 
Behaviors were observed directly by only one investigator (M. 
Henry, Columbia National Fisheries Research Laboratory, Columbia, 
MO), and the frequencies of each behavior and the fish performing it 
were recorded by hand, using codes, recording forms, and 
abbreviations to facilitate the process. Individuals were 
distinguished from one another on the basis of differences in color, 
size, and natural markings. No tags, brands, or fin clips were used. 
Fish readily formed hierarchies and were assigned numbers from 
1-5, designating their rank within the hierarchy (1 = most dominant; 
5 = most subordinate). The dominant fish initiated the greatest 
number of aggressive acts (threats, nudges, or nips) during the 
control period. In addition, territories were established by the top 
one or two ranking individuals and territorial boundaries were 
regularly defended against interlopers. 
A stock solution of [1^~C] methyl parathion was mixed in 0.5% 
acetone in water and administered to treatment tanks with two 
micromedic pumps and a modified proportional diluter system (Mount 
and Brungs 1967). Acetone alone was added to the control tank to 
serve as a check on solvent effect. 
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A 10% geometric progression decreasing from a level approaching 
one tenth of the 96 hr LC50 for bluegill exposed to methyl parathion 
(4.38 mg/L) (Johnson and Finley 1980) was used to establish three 
test concentrations (Table III). For each replicate, treatments and 
fish were randomly assigned to tanks. 
The [14-c] methyl parathion (MW 263.23; specific activity 27.98 
mCi/mM) used was from Pathfinders Laboratories, Inc., St. Louis, MO. 
Labeled material was combined with unlabeled methyl parathion 
(obtained from Monsanto, St. Louis, MO) (77% active) for addition to 
treatment tanks. The stock solution concentration was analyzed by 
liquid scintillation but was also confirmed using gas-liquid 
chromatography (GLC) (Derek et al. 1981) so that the calculated 
proportion of radioactivity to total methyl parathion could be 
substantiated. Thereafter, liquid scintillation was used to monitor 
the buildup of the toxicant. Tanks reached their full concentrations 
after approximately 8 hr (x flow rate = 1790 ml per 5 min per tank; 
N=8). Water samples were prepared for scintillation counting by 
combining, in vials, 1 ml water with 4 ml scintillation cocktail 
(Triton X and PBBO). Due to the low numbers of counts above 
background in the lowest concentration, water from that treatment 
tank was first partitioned using ethyl acetate (Nuclear-Chicago Corp. 
1967) then combined with scintillation cocktail for improved counting 
efficiency. Following collection and preparation, all samples were 
immediately placed in a Beckman LS-3313T liquid scintillation 
counter. Scintillation counts were recorded as counts per minute 
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Table III. Nominal and mean actual methyl parathion concentrations 
for each treatment tank (N=4). 
Nominal Concentrations (mg/L) Mean Actual Concentrations (mg/L) 
0.35 High 0.31+0.002 
0.035 Medium 0.03 +0.0014 
0.0035 Low 0.003 +0.0001 
0.00 Control 0.00 
(No toxicant) 
96 hr LC50 = 4.38 mg/L (Johnson and Finley 1980) 
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(cpm) and corrected for quench by subtracting the mean number of cpms 
for blanks counted from each sample mean. Values were then converted 
to concentrations after being compared to a constructed quench curve 
which corrected for counting efficiency by giving a % recovery value 
for each sample. Eight 5 minute counts were taken for each sample 
over a period of 5 days in.order to get stable and persistent 
readings. Intermittent GLC analyses of water samples were conducted 
during the treatment period. Results of these analyses confirmed 
that methyl parathion was indeed present in desired concentrations 
and that 86-90% of the material persisted in the form of methyl 
parathion and not degradation products or metabolites such as methyl 
paraoxon. 
Behavioral data were analyzed by three-way analysis of variance 
(ANOVA) and Least Significant Difference (LSD) determinations. The 
ANOVA tested for significance due to treatment, rank, and duration of 
exposure, along with all possible combinations of interactions 
between those three main factors. LSD values allowed for comparisons 
to be made for each behavior between treatment levels and fish of 
different social rank. Note, however, that since social rank was 
determined by using the sum of aggressive acts initiated by an 
individual during the control period, rank is confounded with the 
base-line frequencies of threats, nudges, and nips in the statistical 
model. 
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RESULTS AND DISCUSSION 
The results of this study were analyzed from two perspectives: 
1) population responses (total behavioral acts per tank) and 2) 
individual responses (total behavioral acts per fish reflecting 
differential sensitivity due to social position in the hierarchy). 
Throughout the study, the form and posture of each behavior remained 
unchanged but the frequency of occurrence was altered with the 
addition of methyl parathion. 
The experimental design of this study employed two types of 
controls: one for treatment effect (control vs. treatment period for 
each tank) and one for time effect (a control tank that received no 
methyl parathion during the treatment period). No statistically 
significant differences in behavioral frequencies were found between 
populations during the control period. This supports the supposition 
that when healthy fish of similar size are used, replication of 
experimental units (i.e., hierarchies) is possible. 
Frequencies of behaviors in control tank populations during the 
treatment period were not significantly different from control period 
values for all tanks, indicating no time effect. Consequently, all 
control data (control period values for all tanks and control tank 
values during the treatment period) were pooled to represent baseline 
levels of response. 
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Hyperactivity was the most noticeable overall effect of methyl 
parathion. This response, defined as almost continuous swimming 
coupled with numerous s-jerks, partial jerks, and fin flicks, 
occurred in fish exposed to all toxicant concentrations within 10-14 
hr of toxicant addition. 
With the exception of chafes, all behaviors within the category 
of comfort movements showed significant changes in frequency after 
methyl parathion was added (Table IV). Each concentration of methyl 
parathion produced significantly different frequencies of s-jerks 
and fin flicks, thus indicating that these behaviors provided good 
resolution of response between discrete and increasing 
concentrations of the toxicant (Figure 2 and Table IV). Partial 
jerks were similarly influenced by different treatment levels 
(P<p.0001); however, the absolute number of partial jerks was 
generally much lower than that of s-jerks and fin flicks. Moreover, 
because of this low absolute frequency, partial jerks were more 
dependent on keen observation and accurate recording by the 
investigator and therefore may not be as reliable an indicator as 
s-j erks. 
Hyperactivity provided the most sensitive population level 
reflection of methyl parathion effect. Hyperactivity is a principal 
sign of central nervous system disruption due to OP poisoning 
(Matsumura 1975) reflecting the physiological and biochemical toxic 
mode of action of these compounds. S-jerks appear to be nervous 
system disruptions without social connotation or maintenance value. 
Fin flicks have been associated with freeing fins of debris and also 
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Table IV. Mean population frequencies of 10 behaviors examined 
over three toxicant concentrations and a control during 
the treatment period. 
X METHYL PARATHION 
CONCENTRATIONS (mg/L) 
0.003 0.03 0.3 
RESPIRATORY 
DISRUPTIONS 
LSD ANOVA 
P < 0.05*/ control 
0.01** vs. 
treatment 
(within tank) 
P > 0.05*/0.01** 
cough 19.0 60.0 29.5 50.0 
(41.0**) (30.5**) (20.5**) 
9.4/12.8 0.0001** 
yawn 7.0 17.5 8.5 6.5 
(10.5**) (9.0**) (2.0) 
4.0/5.2 0.01** 
COMFORT 
MOVEMENTS 
s-jerks 12.5 23.5 47.0 82.5 
(11.0*) (23.5**) (35.5**) 
8.4/11.6 0.0001** 
partial 3.0 24.5 15.5 28.0 
jerk (21.5**) (9.0*) (12.5**) 
fin 18.5 64.0 50.0 73.5 
flick (45.5**) (14.0*) (23.5**) 
8.2/11.0 0.0001** 
12.0/17.0 0.0001** 
burst 2.5 2.5 0.5 14.5 
swimming (0.0) (2.0) (14.0**) 
chafe 1.0 0.0 0.5 0.0 
(1.0) (0.5) (0.5) 
5.0/7.0 0.02* 
1.2/1.8 0.7 NS 
AGGRESSION 
threat 68.0 51.0 28.5 38.5 
(17.0*) (22.5**) (10.0) 
14.0/19.2 0.0001** 
nudge 8.0 1.5 1.5 11.5 
(6.5) (0.0) (10.0) 
17.8/24.6 0.8 NS 
nip 39.0 20.5 12.5 28.5 
(18.5) (8.0) (16.0) 
44.6/61.4 0.0001** 
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Figure 2. Mean frequencies of six behaviors monitored in four 
treatment populations (x = 2 replications). 
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for social displays during spawning (Noakes and Leatherland 1977). 
Miller (1963) noted that fin flicks in bluegill occur more frequently 
in situations of environmental or social stress. Such behavioral 
changes induced by methyl parathion can be detected rapidly, at low 
concentrations and in all members of the population thus providing a 
less time-consuming and less expensive alternative to sublethal 
toxicity assessment. 
The increased frequencies of s-jerks, partial jerks, and fin 
flicks occurred principally during the first 2 days of toxicant 
administration (Figure 2) and plateaued or declined during the last 
half of the treatment period. Concomitantly, as initial activity 
levels increased, aggressive behaviors generally increased and then 
followed the same pattern of decline (Figure 2). Increased activity 
increased the number of times fish were in proximity to one another; 
therefore, it is not unexpected that increased aggression would 
ensue. 
The aggressive behaviors that most clearly reflected toxicant 
effect on populations were threats and nips (P = 0.0001; Table IV). 
However, neither behavior consistently reflected differences between 
treatments as clearly as the comfort movements previously mentioned. 
The control levels of aggressive behaviors are also slightly more 
variable between populations than the control frequencies of comfort 
movements and respiratory disruptions (Figure 2). Both coughs and 
yawns were significantly (P = 0.0001 and 0.01, respectively) affected 
by the toxicant at the populations level (Table IV) and when trends 
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are examined (Figure 2). Significant differences in yawns were 
observed between the adjacent control and low levels, low and medium, 
and low and high concentrations. Coughs have been associated with 
clearing gill surfaces of particulate matter or mucus that forms in 
response to an irritant (Cairns et al. 1982) while yawns seem to be a 
more extreme attempt to do the same. Miller (1963) suggested that 
yawning can also be indicative of stress. 
In terms of response of individual fish, the most striking 
result was that behavioral responses of subordinate (5) and dominant 
(1) fish are more significantly affected over all concentrations than 
intermediately ranked bluegill (Figure 3). This differential 
response related to rank illustrates the importance of considering 
life history aspects of a test species, such as hierarchy formation 
in bluegill, when conducting toxicity tests. Several authors have 
suggested (Noakes and Leatherland 1977; Schreck and Lorz 1978) that, 
in a hierarchy, the dominant and subordinate individuals are under 
the greatest amount of social stress. The dominant expends effort to 
maintain its position while the subordinate is occupied trying to 
avoid attacks from other fish. The present study substantiates this 
idea by demonstrating the combined effect of social stress and 
toxicant stress through differential behavioral responses among 
hierarchy members. 
If the three most sensitive comfort movement behaviors (s-jerks, 
fin flicks, and partial jerks) are examined with respect to 
distribution of response among individuals in each population, the 
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treatment period (x = 2 replications). 
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subordinate in each tank performed more s-jerks and fin flicks under 
control conditions. Once methyl parathion was added, significant (P 
= 0.0001) increases were observed in both dominant and subordinate 
fish of each treatment group. Partial jerks were performed most 
frequently by the 4th and 5th ranking individuals while dominant fish 
in all concentrations performed this behavior least often but at 
levels still elevated above control levels of response. 
The #3 ranking fish appears to be least influenced by the 
toxicant if s-jerks, fin flicks, and partial jerks are evaluated. It 
was usually the least active individual in a tank and also had the 
fewest social interactions. However, heightened levels of response 
occurred for comfort movements when control period values were 
contrasted with treatment period values (Figure 3). 
The rapid yet sensitive nature of this behavioral bioassay is 
reflected in the number of responses seen within 24 hr of toxicant 
addition (Figure 2). In addition, the entire test was conducted in 
16-23 days. Differential response due to rank was detected in all 
concentrations. The behavioral parameters measured in this study 
were influenced by an absolute methyl parathion concentration (0.003 
mg/L) lower than most reported in the literature and a level 
representing <1% the 96 hr LC50. Mosquitofish, Gambusia affinis. 
showed a decreased level of activity after exposure to 0.005 mg/L for 
48 hrs and decreased thermal tolerance after exposure to 0.005 and 
0.01 mg/L methyl parathion for 24 hrs (Johnson 1978). Carbohydrate 
metabolism was affected at 5.6 mg/L over 96 hrs in Indian catfish. 
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Heteropaeustes fossilis (Srivastava and Singh 1981). The 5.6-mg/L 
exposure concentration represented 0.8 of the 96-h LC50 for Indian 
catfish exposed to methyl parathion. However, the ecological 
significance of such a biochemical change is difficult to interpret. 
Gulf kilifish, Fundulus grandis. selectively preyed on grass shrimp 
(Palaemonetes pugio) over sheepshead minnows (Cvprinodon variegatus) 
at exposures of 0.024, 0.119 and 0.475 pg/L methyl parathion for 24 
hrs (Farr 1978). Siamese fighting fish (Betta splendens) failed to 
notice and display to male conspecifics at 1.0 mg/L after 5 days of 
exposure (Welsh and Hanselka 1972). This exposure concentration 
represented approximately one^half the 120-hr LC50 for Betta 
splendens exposed to methyl parathion. 
Behavioral parameters are obviously sensitive indicators of 
toxicant effect. It is necessary, however, to select behavioral 
indices for monitoring that relate to the organism's behavior in the 
field in order to derive a more accurate assessment of the hazards a 
contaminant may pose in natural systems. If social hierarchies have 
developed evolutionarily as a mechanism to efficiently ration limited 
resources (food, mates, spawning sites, etc.) among individuals of a 
population (Krebs and Davies 1978) then disruption of such a system 
by a toxicant could affect survival and reproduction within a 
population under natural conditions. Therefore, rank-related 
responses should be considered for species forming social 
organizations. If social interactions are not considered, only a 
certain portion of a population may be protected, and the toxicity of 
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the contaminant may be underestimated. More work is needed in the 
field to verify hierarchy related effects seen in the laboratory. 
Additional effort regarding impacts on reproduction as it relates to 
rank is also imperative if population maintenance in the presence of 
contaminants is to be assessed. 
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SECTION II. BEHAVIOHAL EFFECTS OF COPPER 
ON BLUEGILL, LEPOMIS MACROCEIRUS 
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INTRODUCTION 
Copper has frequently been detected in freshwater ecosystems-
Environmental concentrations above 5 yg/L copper (Alabaster and Lloyd 
1980) can often be linked to direct application of copper sulfate 
used as an pesticide for aquatic plants and mollusc control. Copper 
has also been associated with point and non-point industrial inputs, 
especially with mining operations. There is a significant amount of 
information available on the fate and chemical speciation of copper 
under both aquatic field and laboratory conditions (Nriagu 1979). 
Dominant chemical form(s) and subsequent toxicity associated with the 
Cu2+ and Cu(OH)+ forms (Pagenkopf et al. 1974) depend largely on 
hardness (Brungs et al. 1976; Howarth and Sprague 1978; Mount and 
Stephan 1969), pH (Waiwood and Beamish 1978), humic acid content and 
suspended solid concentration (Wiener and Giesy 1979). Its 
widespread occurrence and variable toxicity have led to concern 
regarding the impact of copper on fish and aquatic invertebrates and 
make water quality standard setting a more difficult task. 
Consequently, toxicity test approaches are still needed which enable 
investigators to rapidly evaluate the sublethal effects of copper 
under many different water quality conditions. 
The objectives of this study were to: 1) compare copper levels 
which induce behavioral changes in bluegill (Lepomis macrochirus) 
hierarchies to those sublethal concentrations known to change growth 
rate, reproduction and survival (Benoit 1975; Swigert and Morgan 
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1977; Thompson et al. 1980) and 2) contrast concentrations causing 
behavioral changes in bluegill with levels designated by the USEPA 
(1980) as safe for aquatic life. 
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MATERIALS AND METHODS 
Forty age II bluegill (12.8-15.0 cm total length; 35.6-62.3 g) 
were raised and tested at the Columbia National Fisheries Research 
Laboratory, Columbia, MO. Twenty fish were used in each of two 
replications of this experiment. For each replication, five fish 
were randomly assigned to one of four 295 liter flow-through glass 
test aquarium (Figure 1). Each tank was layered with gravel and 
planted with Elodea sp. to provide fish with substrate and cover. 
Fish were maintained throughout the study at 170C, under a 16 
hr/8 hr light-dark photoperiod and were fed Purina trout chow (#6) 
until satiation twice daily. Water quality characteristics (x ^  SD; 
N = 28), analyzed biweekly remained constant both during and between 
replications (total hardness, 273.3 +_ 4.1 mg/L CaCOg; alkalinity, 
235.7 i 3.6 mg/L CaCOg; pH, 7.4 +. 0.8; temperature, 16.5 +_ 1.3°C; 
dissolved oxygen 9.8 +. 2.4 mg/L). The sex of all individuals was 
determined by dissection at the end of the experiment. In 6 of 8 
hierarchies, the most dominant individual was male while the most 
subordinate was female in 5 of 8 test populations. 
Each replication had three phases: (1) acclimation period (1-2 
wk); (2) control period (96 hr); and (3) treatment period (96 hr). 
Acclimation was judged completed once all individuals were feeding 
regularly and all hierarchies and territories were established. 
117 cm. 
figure 1. 295 liter glass aquarium. 
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Ten behaviors (described briefly in Table I) were observed daily 
for each test population during control and treatment periods. Two 
hr time blocks (1/2 hr/tank) were randomized and rotated through the 
16 hr light portion of the photoperiod so that observations on day 1 
of both control and treatment periods took place from 4-6 pm, day 2 = 
8-10 am, day 3 = 8-10 pm, day 4 = 12-2 pm. This rotated observation 
schedule was incorporated into the experimental design so that 
diurnal fluctuations in activity would not be confounded with 
toxicant effect. The order of tanks observed was also randomized 
within each 2-hr time block. 
Behaviors were observed directly by only one investigator (M. 
Henry, Columbia National Fisheries Research Laboratory, Columbia, MO) 
and the frequencies of each behavior and the individual fish 
performing them were recorded by hand, using codes, recording forms 
and abbreviations to facilitate the process. Individuals were 
distinguished from one another on the basis of differences in color, 
size and natural markings. No tags, brands or fin clips were used. 
Fish readily formed hierarchies and were assigned numbers from 
1-5, designating their rank within that hierarchy (1 = most dominant, 
5 = most subordinate). Criteria used to determine dominance were the 
initiation of the greatest number of aggressive acts (threats, nudges 
or nips) during the control period. In addition, territories were 
established by the top one or two ranking individuals and territory 
boundaries were regularly defended against interlopers. 
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Table I. Brief descriptions of the ten behaviors monitored 
in this study. 
CATEGORY OF BEHAVIOR DESCRIPTION 
I. RESPIRATORY DISRUPTIONS 
cough 
yawn 
rapid, repeated opening and closing of 
mouth and opercular coverings, 
accompanied by partly extended fins 
singularly occurring maximal opening 
of mouth and opercular coverings, 
accompanied by hyperextension of all 
fins 
II. COMFORT MOVEMENTS 
"s"-jerk 
partial jerk 
fin flick 
burst swimming 
chafe 
whole body flinch, moving sequentially 
from head to tail 
head or tail flinch 
rapid, repeated extension and 
contraction of spines and rays of fins 
sudden, rapid, nondirected spurt of 
forward movement 
brush of the body against an inanimate 
object 
III. AGGRESSIVE INTERACTIONS 
threat 
nudge 
flare of opercular coverings 
accompanied by slight intention 
movement toward conspecific 
contact of closed mouth to body 
between fish, recipient is not 
displaced or bitten 
nip bite 
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Reagent grade anhydrous copper sulfate (CUSO4) was used as the 
copper source in the toxicant stock solution. It was mixed in doubly 
distilled water and administered to treatment tanks using two 
micromedic pumps and a modified proportional diluter (Mount and 
Brungs 1967). Toxicant concentrations in stock solutions and 
concentrations in test tanks were verified using atomic 
absorption-flame ionization spectrophotometry. The rationale behind 
selection of the three nominal concentrations was that they would 
approach the 96 hr LC50 (Johnson and Finley 1980) and upper and lower 
limits of the Maximum Acceptable Toxicant Concentration (MA.TC) for 
bluegill exposed to copper (Benoit 1975). Using these concentrations 
to evaluate effects on behavior would subsequently allow comparisons 
to be made with classical bioassay endpoints monitoring changes in 
survival, growth, and reproduction. Nominal and mean actual 
concentrations are summarized in Table II. Tanks reached full 
concentrations after approximately 7 hr (x flow rate = 1795 ml/5 
min/tank; N = 8). 
Behavioral data were analyzed using analysis of variance (ANOVA) 
and Least Significant Difference (LSD) determinations. The ANOVA 
tested for significance due to treatment, social rank and time along 
with all possible combinations of interactions between those three 
main factors. LSD values allowed for comparisons of behaviors 
between treatment levels and also between fish of different rank. 
Note, however, that since social rank was determined using the sum of 
aggressive acts initiated by an individual during the control period, 
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Table II. Nominal and mean actual copper concentrations for each 
•treatment tank over two replications (N=4). 
Nominal Concentrations (mg/L) Mean Actual Concentrations (mg/L) 
0.031 
0.050 
1.00 
0 .00 
0.034 + 0.01 
0.057 + 0.005 
1.30 +0.002 
0.002 + 0.002 
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rank is confounded in the statistical model with baseline frequencies 
of threats, nudges and nips. 
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RESULTS AND DISCUSSION 
The results of this study were analyzed from two perspectives: 
1) population responses (total behavioral acts per tank) and 2) 
individual responses (total behavioral acts per fish reflecting 
differential sensitivity due to social position in the hierarchy). 
Throughout the study, the form and posture of each behavior remained 
unaltered but the frequency of occurrence did change once copper was 
added. 
The experimental design of this study employed two types of 
controls; one for treatment effect (control vs. treatment period for 
each tank) and one for time effect (a control tank that received no 
copper during the treatment period). No statistically significant 
differences in the frequencies of all behaviors were found between 
tank populations during the control period. Therefore, all control 
data (control period data for all tanks and treatment period data for 
the tank not receiving copper) were pooled and mean values represent 
normal levels of response in the absence of the toxicant (Table III). 
The most significant (P = 0.0001) (Table III) overall effect of 
copper was on respiration, as indicated by the increased frequency of 
respiratory disruptions. Coughs, described in Table I, increased ( P 
= 0.0001) in every treatment group once copper was introduced. Yawns 
also increased significantly (P = 0.0001) in all treatment tanks. 
The most dramatic increase in coughs and yawns occurred within the 
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Table III. Mean population frequencies of 10 behaviors examined 
over three toxicant concentrations and a control 
during the treatment period. 
X COPPER CONCENTRATIONS (me/L) 
0.0 0.034 0.057 1.30 
RESPIRATORY 
DISRUPTIONS 
cough 
yawn 
9.0 49.5 72.0 109.5 
(40.5)** (22.5)** (37.0)** 
6.0 22.5 31.0 40.0 
(16.5)** (8.5)** (9.0)** 
LSD ANOVA 
P=0.05*/ control 
0.01** vs. 
treatment 
(within tank) 
P > 0.05*/0.01*' 
9.4/12.8 0.0001** 
6.4/8.8 0.0001** 
COMFORT 
MOVEMENTS 
s-jerk 5.5 12.0 15.5 15.5 
(6.5)* (3.5) (0.0) 
partial jerk 1.5 10.0 10.5 10.0 
(8.5)** (0.5) (0.5) 
fin flick 18.5 27.5 32.5 39.0 
(9.0)* (5.0) (6.5) 
burst 0.0 1.0 0.5 0.5 
swimming (1.0) (0.5) (0.0) 
chafe 1.0 1.0 2.0 3.0 
( 0 . 0 )  ( 1 . 0 )  ( 1 . 0 )  
6.0/8.2 0.32 NS 
4.2/5.84 0.10 NS 
9.0/12.2 0.008** 
1.6/2.4 0.56 NS 
1.4/2.3 0.07 NS 
AGGRESSION 
threat 
nudge 
nip 
52.5 72.0 90.0 81.0 
(19.5)* (18.0)* (9.0) 
4.0 14.5 9.0 1.0 
(10.5)** (5.5) (8.0)* 
31.0 53.0 71.5 54.5 
(22.0)**(18.5)**(17.0)** 
16.6/22.8 0.009** 
6.8/9.4 0.06 NS 
10.2/14.0 0.02^ 
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first 24 hr of exposure (Figure 2) and the absolute number of each 
remained elevated above control levels throughout the treatment 
period in the medium and high concentration groups. 
Carlson and Drummond (1978) were the first to propose that an 
automated system for cough response monitoring could be used to 
evaluate the toxicity of complex effluents. Other studies confirm 
the sensitivity of cough responses to the presence of low levels of 
contaminants, especially metals (Cairna and VanderSchalie 1980; Henry 
and Atchison 1979a, 1979b; Sparks et al. 1972). This behavioral 
response, whether observed directly or electronically, correlates 
with the morphological and physiological changes resulting from 
copper exposure. Baker (1969) determined that 1 mg Cu/L produced 
morphological changes in the gill lamellae of exposed fish. Anderson 
and Spear (1980) found that pumpkinseed sunfish, Lepomis gibbosus 
accumulated copper in gill tissue itself. O'Hara (1971) concluded 
that sublethal levels of copper increased oxygen consumption in 
bluegill and that the maximum increase occurred between 3-6 hrs of 
initial exposure. Drummond et al. (1973) found that 6 yg Cu/L 
increased coughs in brook trout (Salvelinus fontinalis). The 
increased frequency of both coughs and yawns observed in this study 
verify copper's interference with respiratory processes which 
occurred within 24 hrs of exposure. These two behaviors were 
sensitive enough to reflect differences in response between 
concentrations (P = 0.01) as well (Table III). 
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46 
Comfort movements were not particularly sensitive indices of 
copper effect. The only comfort movement that reflected change (P = 
0.008) once the toxicant was added was fin flicks (Table III; Figure 
2). Fin flicks increased most during the first 24 hrs of exposure 
(Figure 2). However, the frequency of fin flicks remained elevated 
above control levels only among fish of the high concentration tank 
for the duration of the treatment period. The frequencies of fin 
flicks among controls and the low and medium test groups were not 
statistically distinguishable from one another (Table III). 
Two aggressive behaviors were affected by copper. Threats 
increased (P = 0.009) above control levels in all concentrations, 
with the largest change noticed in the first 24 hr of exposure 
(Figure 2). Nips, the most intense manifestation of aggression 
examined, were influenced by copper at all treatment levels. Nips 
occurred often enough during treatment periods to produce large 
absolute numbers which decreased observational error and improved the 
sensitivity of statistical analyses. Nips were also most affected 
within 24 hrs of copper administration in every concentration group 
(Figure 2). The largest increase observed occurred in the medium 
concentration test population, followed by the high then the low 
concentration tanks. Differences between treatment groups were also 
significantly different (P = 0.01) (Table III). 
Despite their sensitivity to copper, it should be pointed out 
that control levels of nips and nudges (Figure 2) are slightly more 
variable between populations than control frequencies of coughs and 
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yawns. Replicability during control periods between populations as 
well as absolute frequency should therefore be considered when 
selecting the most suitable behavior for monitoring the effect of a 
specific toxicant. 
Not all fish within a hierarchy were similarly influenced by 
copper. The most striking result was that the most subordinate (5) 
and most dominant (1) individuals were the most affected in every 
treatment group for the majority of behaviors observed than were 
intermediately ranked bluegill (2,3,4) (Figure 3). Differential 
response due to rank demonstrates the importance of considering life 
history aspects such as social organization of test species when 
conducting toxicity tests. Several investigators (Noakes and 
Leatherland 1977; Schreck and Lorz 1978) have suggested that the most 
dominant and subordinate individuals in a hierarchy are under the 
greatest amount of social stress. The dominant must expend effort 
maintaining its alpha position while the subordinate continuously 
attempts to avoid attacks from other fish. The differential impact 
of copper on hierarchy members of various rank clearly illustrates 
the combined stresses of toxicant effect and social position. 
Copper induced changes in other behavioral responses were also 
differentially influenced according to social rank. An examination 
of the distribution of respiratory disruptions throughout each test 
population revealed that the most subordinate individual performed 
more coughs and yawns during treatment than the rest of the test 
population. The dominant fish was the next most affected. Both fish 
Figure 3. Mean frequencies of six behaviors performed by 
individuals of differing social rank during the 
treatment period = 2 replications). 
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5 and 1 coughed and yawned more in each concentration than other 
fish. These elevated levels were well above those observed during 
control periods or on any given day in the control tank. Miller 
(1963) hypothesized that yawns might be indicative of general 
physiological stress. When physiological stress from a contaminant 
which affects gill function and structure is combined with social 
stress, elevated numbers of respiratory disruptions occur. The 
automated ventilation and cough response monitoring systems mentioned 
previously require that single individuals be tested. Information 
regarding the differential responses of fish within social groups 
would be lost using this system. Additionally, gill purges or coughs 
appear on chart recordings as breaks in the respiratory rhythm. 
Yawns, although occasionally mentioned in the literature, have not 
been evaluated as extensively and may be indicative of a more extreme 
response. 
Fin flicks, the only sensitive comfort movement observed, were 
most frequently performed by the most subordinate individual, 
followed by the most dominant in all treatment groups (Figure 3). 
However, the absolute numbers of fin flicks were never as large as 
those reported for coughs and yawns. 
The most dominant fish in each tank became even more aggressive 
once copper was added (Figure 3). Threats and nips were particularly 
affected, with the largest absolute increase observed for the 1 and 2 
ranked individuals in the medium concentration tank (Figure 3). 
Recall, however, that rank was initially assigned on the basis of 
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aggressive acts performed during control period observations. 
Consequently, it is not surprising that dominant fish were most 
affected in the behavioral area of their highest activity. 
Fish ranked 3 and 4 were generally least affected by copper at 
any concentration. Under control as well as treatment conditions, 
they were the least active, swimming only intermittently, and 
subsequently experiencing fewer social interactions. The social 
stress on these individuals seemed less than levels experienced by 
dominants and the lowest ranked subordinates. Despite this social 
buffer, coughs and yawns increased significantly over every 
concentration in fish 3 and 4 (Table III) indicating that respiratory 
disruptions are widely sensitive indices of copper effect, even in 
differentially ranked individuals. 
Benoit (1975) reported that a chronic exposure (22 mo.) to 162 
yg Cu/L retarded growth and reproduction and lowered survival of 
adult bluegill. By contrast, 34 Ug Cu/L used in this study produced 
significant changes in respiratory disruptions, fin flicks, threats 
and nips in adult bluegill exposed in water of much greater hardness 
(x = 273.3 mg/L vs. 45 mg/L, Benoit 1975). The increased hardness of 
the water used here should decrease copper toxicity. In addition the 
MA.TC determined for larval bluegill exposed to copper was 21-40 Pg/L 
(Benoit 1975). Larval fish are generally more sensitive to 
toxicants, including copper, than adult fish. However, the lowest 
concentration of copper used in this study produced behavioral 
changes in adults at levels falling within the MATC and below the 
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copper concentration that influenced growth in larval bluegill 
exposed in softer water. Although the literature contains no other 
behavioral studies exposing bluegill to copper, several studies exist 
that have monitored copper induced changes in spontaneous activity, 
feeding, swimming stamina or avoidance in other species. For 
example, Waiwood and Beamish (1978) observed reductions in the 
spontaneous activity of rainbow trout, Salmo gairdneri. exposed to 5 
yg Cu/L in soft water. In the same study, 5 yg Cu/L was found to 
also reduce swimming stamina in rainbow trout. These changes 
occurred at concentrations equivalent to 13% of the 96 hr LC50 for 
rainbow trout exposed to copper sulfate. The behavioral changes in 
this study occurred at a level approximately equal to 3% of the 96 hr 
LC50. The most sensitive behavioral index of copper effect 
previously examined appears to be avoidance (Folmar 1976) occurring 
in rainbow trout at 0.1 pg/L. These comparisons indicate that 
behavioral changes can be as sensitive or more sensitive to copper 
than classically measured bioassay endpoints even when classical 
endpoints are examined during the most sensitive life stage of the 
test species. 
If the 1980 EPA Water Quality Criteria for copper are examined, 
5.6 pg/L, expressed as a 24 hr average, should be sufficient to 
protect freshwater aquatic life forms. Using the formula e(0.94 [log 
(hardness)] - 1.23) to calculate the copper level which should never 
be exceeded in water with the hardness of our test water (x = 273.3 
mg/L CaCOg), the calculated value is 57 yg Cu/L. Behavioral 
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responses examined in this study, although significantly altered at 
34 yg/L, were most affected for all behaviors at 57 yg/L. Therefore, 
the results of this study suggest that deleterious effects can occur 
at or below 57 y g Cu/L in exposed bluegill. Behavioral bioassays 
such as avoidance or feeding tests should be further employed to 
evaluate the impact of the 57 y g Cu/L protection limit set by the EPA 
for water of this designated hardness. 
Behavioral parameters are obviously sensitive indicators of 
toxicant effect, which in the present study, equalled or surpassed 
the sensitivity of chronic test endpoints. When selecting behavioral 
indices for monitoring, however, it is important to select behaviors 
that relate to the organism's survival in its natural habitat. If 
this is accomplished, then toxicant induced behavioral changes can be 
predictive of the potential hazard posed by a contaminant in the 
field. Social hierarchies have developed evolutionarily as 
mechanisms for the efficient distribution of limited resources (food, 
mates, desirable spawning sites, etc.) in individuals of a population 
(Krebs and Davies 1978), and disruption of such a system by a 
toxicant could ultimately affect survival and reproduction. Rank 
related responses need to be considered in species forming social 
organizations. If this aspect is neglected, then only a small 
portion of the population may be protected. More field studies are 
needed to verify whether hierarchy related effects of toxicants which 
have been observed in the laboratory actually occur in the field. 
Additional testing, using this bioassay approach in combination with 
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even lower copper concentrations than were utilized in this study 
could also help establish the lowest possible sensitivity limit of 
this approach which detects behavioral change. Analytical chemistry 
detection limits, for some toxicants, could be surpassed by the 
sensitivity of behavioral detection limits, as was shown by Pearson 
et al. (1981) using the Dungeness crab. Cancer magister. exposed to 
petroleum hydrocarbons. Behavioral methods could provide a rapid yet 
sensitive means of assessing toxicity, especially when dealing with 
chemically complex effluents or materials such as petroleum products 
which are comprised of thousands of individual compounds. 
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SECTION III. BEHAVIORAL EFFECTS OF CHLORDAME 
ON HIERARCHIES OF BLUEGILL, 
LEPOMIS MACROCHIRUS 
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INTRODUCTION 
Over the last 30 years, chlordane has been extensively used for 
home and garden insect control, commercial termite control and 
agricultural pest control. However, its use was recently restricted 
to only commercial application (Water Quality Criteria 1980). 
Technical chlordane, a mixture of various chlorinated hydrocarbons, 
is the most frequently used form of this pesticide. It is relatively 
insoluble in water bioconcentrâtes in lipids, is quite toxic to 
aquatic organisms, is persistent in the environment (National 
Research Council of Canada 1974), and is commonly detected in fish 
and waterbodies across the country (Hall et al. 1977; Miles 1977; 
Veith et al. 1981). 
For the above reasons it was chosen for use in this study. 
Scant toxicological information is available on the effects of 
chlordane on fish at sublethal levels. Previous work by Henry and 
Atchison (1979a, 1979b) suggests that behavioral changes in bluegill 
are sensitive to low levels of some toxicants. Consequently, the 
objectives of this study were to: 1) assess the impact of sublethal 
levels of technical chlordane on bluegill social groups; 2) compare 
concentrations affecting behavior to those which have induced changes 
in survival, growth or reproduction (classically measured bioassay 
endpoints) ; and 3) comment on the sensitivity of this method in view 
of levels recommended as safe for aquatic life by the Water Quality 
Criteria (1980). 
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MATERIALS AND METHODS 
Forty age II bluegill (13.3-18.0 cm total length; 35.4-60.1 g) 
were raised and tested at the Columbia National Fisheries Research 
Laboratory, Columbia, MO. Twenty fish were used in each of two 
replications of the experiment. For each replication, five fish were 
randomly assigned to each of the four 295 liter flow-through glass 
test aquaria (Figure 1). Each tank was layered with gravel and 
planted with Elodea sp. to provide fish with substrate and cover. 
Fish were maintained throughout the study at 170C, under a 16 
hr/8 hr light-dark photoperiod and were fed Purina trout chow (#6) 
twice daily until satiation. Water quality characteristics (x +_ SD; 
N = 28), analyzed biweekly remained constant both during and between 
replications (total hardness, 275.3 +_ 2.8 mg/L CaCOg; pH 7.7 +.0.6; 
temperature, 17.1 +.0.3OC; dissolved oxygen 9.3 +.2.8 mg/L). The sex 
of all individuals was determined by dissection at the end of the 
experiment. In 5 out of 8 hierarchies, the most dominant individual 
was male, and the most subordinate was female. 
Each replication was comprised of three phases: (1) acclimation 
period (1-2 wk); (2) control period (96 hr); and (3) treatment period 
(96 hr). Acclimation was judged as complete once all individuals 
were feeding regularly and once all territories and hierarchies were 
established. 
117 cm. 
figure 1 . 295 liter glass nqiiarliim. 
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Ten behaviors (described briefly in Table I) were observed daily 
for each test population during control and treatment periods. Two 
hr time blocks (1/2 hr/tank) were randomized and rotated through the 
16 hr light portion of the photoperiod so that observations on day 1 
of both control and treatment periods took place from 4-6 pm, day 2 = 
8-10 am, day 3 = 8-10 pm, day 4 = 12-2 pm. This rotated observation 
schedule was incorporated into the experimental design so that 
diurnal fluctuations in activity would not be confounded with 
toxicant effect. The order of tanks observed was also randomized 
within each 2 hr time block. 
Behaviors were observed directly by only one investigator (M. 
Henry, Columbia National Fisheries Research Laboratory, Columbia, MO) 
and the frequencies of each behavior and the individual fish 
performing them were recorded by hand, using codes, recording forms 
and abbreviations to facilitate the process. Individuals were 
distinguished from one another on the basis of differences in color, 
size and natural markings. No tags, brands or fin clips were used. 
Fish readily formed hierarchies and were assigned numbers from 
1-5, designating their rank within that hierarchy (1 = most dominant, 
5 = most subordinate). Criteria used to determine dominance was the 
initiation of the greatest total number of aggressive acts (threats, 
nudges, and nips) during the control period. In addition, 
territories were established by the top one or two ranking 
individuals and territory boundaries were regularly defended against 
interlopers. 
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Table I. Brief descriptions of the ten behaviors monitored 
in this study. 
CATEGORY OF BEHAVIOR DESCRIPTION 
I. RESPIRATORY DISRUPTIONS 
cough 
yawn 
rapid, repeated opening and closing of 
mouth and opercular coverings, 
accompanied by partly extended fins 
singularly occurring maximal opening 
of mouth and opercular coverings, 
accompanied by hyperextension of all 
fins 
II. COMFORT MOVEMENTS 
"s"-jerk 
partial jerk 
fin flick 
burst swimming 
chafe 
whole body flinch, moving sequentially 
from head to tail 
head or tail flinch 
rapid, repeated extension and 
contraction of spines and rays of fins 
sudden, rapid, nondirected spurt of 
forward movement 
brush of the body against an inanimate 
object 
III. AGGRESSIVE INTERACTIONS 
threat 
nudge 
nip 
flare of opercular coverings 
accompanied by slight intention 
movement toward conspecific 
contact of closed mouth to body 
between fish, recipient is not 
displaced or bitten. 
bite 
64 
Technical chlordane (obtained from Velsicol Chemical Company, 
Chicago, IL) was used to prepare the toxicant stock solution. It was 
mixed in 0.5% acetone to improve solubility and administered to 
treatment tanks using two micromedic pumps and a modified 
proportional diluter system (Mount and Brungs 1967). Acetone alone 
was added to the control tank as a check on solvent erfact. Toxicant 
concentrations in stock solutions and concentrations in test tanks 
were verified by gas-liquid chromatography. The nominal 
concentrations of chlordane were selected with the rationale that 
they would approach or duplicate the 96 hr LC50, the level equal to 
the Water Quality Standard not to be exceeded and the lowest level 
chemically detectable (Water Quality Criteria 1980). Using these 
concentrations to evaluate effects on behavior would subsequently 
allow comparisons to be made with classical bioassay endpoints and 
Water Quality Standards aimed at protection of aquatic life. Nominal 
and mean actual concentrations are summarized in Table II. Tanks 
reached full concentrations after approximately 7.3 hrs (x flow 
rate = 1781 ml/5 min/tank; N = 8). 
Behavioral data were analyzed using an analysis of variance that 
included partitions for replication, treatment, social rank and time 
with their interactions. Least Significant Difference (LSD) 
determinations were also made to allow for behavioral comparisons 
between treatment levels and fish of different rank. Note, however, 
that since social rank was determined using the sum of aggressive 
acts initiated by an individual during the control period. 
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Table II. Nominal and mean actual chlordane concentrations for each 
treatment over two replications (N = 4). 
Nominal Concentrations (yg/l) Mean Actual Concentrations (yg/l) 
0.00 0.001 + 0.02 
0.10 0.15 +_ 0.06 
2.40 1.91 + 0.28 
52.00 44.30 + 1.01 
96 hr LC50 = 57 yg/L (Johnson and Finley 1980) 
Standard not to be exceeded = 2.4 yg/L 
(Water Quality Criteria 1980) 
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differences between ranked fish in the treatment period are 
confounded with baseline frequencies of threats, nudges and nips. 
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RESULTS AND DISCUSSION 
The results of this study were analyzed from two perspectives; 
1) population level response (total number of behaviors performed per 
tank) and 2) individual fish response (total number of behaviors per 
fish reflecting differential sensitivity due to social position in 
the hierarchy). Throughout the study, the form and posture of each 
behavior remained unaltered but the frequency of occurrence changed 
once chlordane was added to test tanks. 
The experimental design of this study employed two types of 
controls: one for treatment effect (control vs. treatment period for 
each tank) and one for time effect (a control tank that received no 
chlordane during the treatment period). No statistically significant 
differences in the frequencies of all behaviors were found between 
tank populations during the control period. Therefore, all control 
data (control period data for all tanks and treatment period data for 
the tank not receiving chlordane) were pooled and mean values (N = 
10) represent normal levels of response in the absence of the 
toxicant (Table III). 
Significant (P = 0.01) changes in frequency were observed for 
eight of the ten behaviors monitored for each concentration of 
chlordane used. The largest absolute increase was seen in the number 
of nips performed once the toxicant was administered. Aggressive 
interactions, the most intense of which were nips, became so numerous 
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that the most subordinate fish in the high concentration of 
replication #1 died within the first day of exposure from hemorrhages 
resulting from receipt of numerous and successive bites. 
Consequently, note that the mean values expressed for all behaviors 
during the treatment period (Table III, Figure 2, Figure 3) were 
based on frequencies performed by only a total of 39 fish from two 
replications, not 40 individuals as planned. 
As nips increased in all treatment groups, threats decreased. 
Non-contact displays were thereby replaced, as the toxicant was 
added, with more extreme forms of physical contact. There was also a 
significant difference (P = 0.01) in the number of nips performed by 
each population exposed to the different chlordane concentrations 
when compared in any combination (Table III). This delineation of 
response seen when comparing nips from control vs. treated as well as 
between concentrations indicate that nips were, in general, the most 
sensitive indicators of chlordane's effect. Since chlordane is 
suspected to function as a neurotoxin, subsequent hyperactivity 
(Bansal et al. 1979) could be related to the increase in the number 
of intense manifestations of aggression displayed. Increased 
swimming put fish in closer proximity to one another and irregular 
movements (i.e. coughs, s-jerks, etc.) seemed related to the stimuli 
that elicited aggressive interactions, since threats and nips were 
often initiated after erratic movements by a recipient. 
Respiratory disruptions were also significantly affected (P = 
0.0001) by chlordane (Table III). Coughs and yawns increased most 
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Table III. Mean population frequencies of 10 behaviors 
examined over three toxicant concentrations 
and a control during the treatment period. 
X CHLORDANE CONCENTRATIONS (ug/D 
0.0 0.15 1.91 44.3 
RESPIRATORY 
DISRUPTIONS 
cough 
yawn 
COMFORT 
MOVEMENTS 
s-jerk 
13.5 27.0 48.0 75.0 
(13.5) (21.0)* (27.0)* 
7.0 26.5 41.0 39.5 
(19.5)**(14.5)** (1.5) 
6.0 17.0 20.5 25.5 
(11.0)**(3.5) (5.0) 
partial jerk 2.0 10.5 12.5 17.5 
(8.5)** (2.0) (5.0)* 
fin flick 17.0 19.0 24.5 29.0 
(2.0) (5.5) (4.5) 
burst 1.0 2.5 0.5 0.0 
swimming (1.5)* (2.0)** (0.5) 
chafe 0.5 0.5 0.0 0.0 
(0.0) (0.5) (0.0) 
AGGRESSION 
threat 
nudge 
nip 
66.5 48.5 23.0 28.0 
(18.0)**(25.5)**(5.0) 
6.5 3.0 1.0 1.0 
(3.5) (2.0) (0.0) 
31.0 62.5 78.5 111.0 
(31.5)**(16.0)**(32.5)** 
LSD ANOVA 
P=0.05*/ control 
0.01** vs. 
treatment 
(within tank) 
P 2 0.05*/0.01* 
17.4/24.0 0.0002** 
8.4/11.6 0.0001** 
6.0/8 .2  0 .0006** 
4.24/5.84 0.0001** 
6.0/8 .2  0 .001** 
1.2/1.6 0.009** 
0.8/1.2 0.807NS 
11.4/15.8 0.002** 
6.4/8.8 0.322NS 
9.8/13.4 0.0001** 
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UJ 
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^ MEDIUM CONC 
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Figure 2. Mean frequencies of six behaviors monitored in four 
treatment populations (x = 2 replications). 
PERIOD 
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YAWNS 
FIN FUCKS S-JERKS 
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ta 26-
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0.0001 0.15 44J .0001 0.15 1°J. 44i 
X CONCENTRATION (ug/I) î CONCENTRATION (ug/I) 
Figure 3. Mean frequencies of six behaviors performed by 
individuals of differing social rank during the 
treatment period (x = 2 replications). 
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dramatically in the first 24 hrs of exposure (Figure 2) in all 
treatment groups. Dalela et al. (1980) noted that respiratory 
changes (monitored as VO2 changes) were good indicators of sublethal 
and lethal chlordane stress in Saccobranchus fossilis. Other oxygen 
uptake data have shown that there is a critical threshold time for 
respiratory and hyperactivity responses existing between 6-24 hrs of 
exposure to chlordane (Bansal et al. 1979). The increase in 
respiratory disruptions could also be relate to the demonstrated 
development of anaerobic conditions in chlordane stressed S. fossilis 
due to inhibition of acetylcholinesterase, succinic dehydrogenase and 
pyruvic dehydrogenase in several tissues, including gill tissue 
(Verma et al. 1981). 
The significant increase (Table III, Figure 2) seen in the 
comfort movements, especially s-jerks and fin flicks, may also be 
related to the hyperactivity observed. Recent findings on dieldrin, 
a related cyclodiene insecticide, indicate that it acts on the 
terminals of the presynaptic membrane, increasing the release of 
acetylcholine at the pre-synapse producing hyperactivity (Shankland, 
1979). 
Behavioral changes were distributed in each toxicant treated 
hierarchy specific to rank. Subordinate fish (5) were the most 
affected, when compared to fish of different rank, in areas of 
respiration and comfort movements, while dominant fish exhibited the 
largest increases in nips (Figure 3). Coughs, yawns and fin flicks 
increased during treatment for the dominant individuals of each group 
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to frequencies just below the most affected subordinates. These 
responses, along with evidence put forth by other investigators 
(Noakes and Leatherland 1977; Schreck and Lorz 1978), indicate that 
the most dominant and most subordinate individuals of a hierarchy are 
under the most social stress. The most dominant must expend effort 
maintaining its alpha position while the most subordinate attempts to 
avoid harassment from other fish. 
Territory defense disappeared for fish 2 and 3 of each 
replication in the highest treatment concentration. Conversely, the 
most dominant fish became more territorial, defending expanded 
borders and driving all other hierarchy members into the vegetated 
area at the far left side of the aquaria. Fish in the high 
concentration, including the most dominant, also had greatly 
diminished appetites relative to controls. 
Fishes 2, 3, and 4 were least affected by chlordane. The social 
stress on these individuals was probably less than that on the most 
dominant and most subordinate individuals. However, increases in 
coughs for fish of each of these ranks were large in medium and high 
concentration groups. Therefore, that social stress, combined with 
chlordane stress, seemed to produce differential frequencies of 
response in fish of varying rank. 
The literature reveals a paucity of information available on the 
sublethal effects of chlordane on fish. Even fewer studies have 
examined changes in behavior of fish exposed to chlordane or any 
specific effects on bluegill. The literature that does exist 
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confirms the suspicion that chlordane bioconcentrates in the lipid of 
exposed fish (Verma et al. 1981). Also, chlordane has been detected 
in fish and water of natural systems (Hall et al. 1977; Miles 1977; 
Veith et al. 1981) exceeding permissible or recommended levels. 
Under laboratory conditions, bluegill rapidly bioconcentrated (in 48 
hrs) 5 yg/L cis-^^C chlordane and very slowly eliminated it 
(Sundershan and Khan 1980). Consequently, the levels of exposure 
used in this study are realistic in view of expected environmental 
concentrations of chlordane and bluegill are ubiquitous enough to be 
affected and apparently vulnerable both physiologically and 
behaviorally. 
If the most conservative interpretation is adopted, it is clear 
from Table III that there is a significant difference (P >. 0.01) 
between the frequencies of five behaviors when control values are 
compared to values from the lowest test concentration. Consequently, 
it is also apparent that 0.15 yg/L chlordane can cause significant 
changes in behavior monitored in bluegill social groups. Using 
avoidance to evaluate chlordane effect, Summerfelt and Lewis (1967) 
found that green sunfish (Lepomis cvanellus) avoided 5 mg/L of 
chlordane. This concentration represents 25% of the 96hr LC50 as 
they determined under their laboratory conditions. Little (personal 
communication, Columbia National Fisheries Research Laboratory, 
Columbia, MO) found that feeding was impaired in rainbow trout (Salmo 
gairdneri) exposed to a chlordane concentration equal to 5% (2.1 
yg/L) of the 96hr LC50. Comparing the results of the research 
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reported here to the 96hr LC50 of 57 yg/L determined for bluegill 
exposed to tech chlordane (Johnson and Finley, 1980), statistically 
significant behavioral changes occurred at a concentration of 0.15 
yg/L, less than 0.1% of the LC50. This level of sensitivity is below 
2.4 yg/L, the EPA level set which is "not to be exceeded". 
Furthermore, chronic exposure studies showed first effects on 
bluegill as reductions in number of young produced by spawning adults 
exposed for 6 mo. to 1.22 yg/L technical chlordane. The behavioral 
changes observed in this investigation were seen at a level well 
below those classically representing lowest effect concentration or 
that deemed safe by the EPA. 
In addition, if hierarchies are disrupted by low level exposure 
to chlordane, population maintenance and reproduction could 
subsequently be affected. Confirmation of these effects under field 
conditions could help improve in situ interpretation of this 
laboratory assessment. 
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GENERAL SUMMARY 
Behavioral changes occurred in all bluegill exposed to sublethal 
concentrations of methyl parathion, copper sulfate and chlordane. 
Hyperactivity was noticeable in fish exposed to methyl parathion. 
S-jerks and fin flicks were the individual behaviors whose 
frequencies were most altered once methyl parathion was administered. 
Conversely, respiratory disruptions, coughs and yawns, increased In 
the presence of sublethal levels of copper sulfate. Chlordane 
produced elevated levels of aggression, reflected as increased 
numbers of nips. The most dramatic changes in these frequencies 
occurred within approximately the first 24 hrs of toxicant 
administration. Responses generally declined or plateaued during the 
period from 48-72 hr possibly indicating some degree of acclimation 
to the chemicals. However, increases often began again around the 72 
hr mark until the end of the treatment period. An indeterminate 
treatment period length would elucidate whether acclimation does 
occur and would provide an excellent question for future research. 
Differential responses associated with social rank of 
individuals occurred in every treatment group for each toxicant 
examined. The most subordinate individuals were more sensitive to 
contaminants than other fish in the behavioral areas of respiration 
and comfort movements. The most dominant individuals were generally 
next most affected in these areas and showed the greatest degree of 
change with regard to aggressive behaviors. The combination of 
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social stress and toxicant stress was apparent in the uneven 
distribution of response throughout hierarchies exposed to each 
chemical. 
Once the contaminant addition ceased, behaviors were continually 
monitored (5 min/tank/hr) for 24 hrs. General trends in the raw data 
suggest that elevated frequencies of the .^ost changed behaviors 
returned to pre-treatment control levels in all populations exposed 
to copper. However, every fish in the high chlordane concentration 
continued to behave abnormally while only the subordinate in the high 
methyl parathion treatment group continued to show irregularities 
during the post-treatment period. The largest shift in hierarchy 
organization took place in the high chlordane treatment group. The 
most dominant fish became more aggressive and dissolution of 
territorial boundaries for fish 2 and 3 reflected this change. 
Feeding trials were initiated on each day of the treatment 
period for every tank exposed to each of the chemicals. Examination 
of the raw data reflects hierarchial influence as well as the 
individual's state. In the low and medium concentrations of each 
chemical exposure, the most dominant fish fed first. The alpha fish 
in the medium copper treatment exhibited some lack of coordination in 
capturing the fathead minnow prey. Successful strikes but spitting 
by the dominant occurred in this case and was also observed for the 
#2 and 3 ranked fish in the high concentration group. 
Feeding order was rearranged in the methyl parathion high 
treatment group. The #2 fish fed more often than the #1 fish. 
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Erratic swimming and jerky movements made capture less successful. 
Chlordane treated fish generally exhibited suppressed appetites. The 
highest treatment group never ate all 10 fathead minnows presented on 
any given day. These data will be statistically analyzed and written 
up for future publication. 
Maki (1979) used ventilation rate to assess the impact of 
different concentrations of surfactants on bluegill. One of the 
advantages of the method that he cited was the proportional linear 
relationship between frequency and concentration. In other words, 
there was a direct dose-response correlation in this instance. None 
of the behaviors observed in this experiment always showed a direct 
linear dose-response trend. However, coughs come the closest for all 
three chemicals and are especially good indicators for copper and 
chlordane effect. In the case of methyl parathion, s-jerks 
approximate the best linear correlation between frequency and 
concentration but it is not totally linear. Further testing would be 
necessary, with use of an expanded treatment time period, to assess 
the linear dose-response relationship potential of the behaviors 
monitored in this approach. 
Several advances have been made in an effort to standardize this 
method. Use of healthy similar size and age adults, all introduced 
to their respective tanks within minutes of each other, hastened the 
adjustment process and the formation of hierarchies. Tanks were 
identical, in both biotic (plants) and abiotic respects. Maintenance 
food regimes during the test were the same as during the culture of 
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the fish and water type and temperature were also identical during 
rearing and test periods. Careful handling of fish, low density 
stocking practices and good water quality streamlined acclimation, 
accomplished in 7-10 days. The control observations and test 
observations took 8 days (4 days each) and post-treatment 
examinations took 24 hr. Consequently, this test approach can be 
completed in 16-19 days, a very manageable time frame from a labor 
standpoint. 
This type of behavioral test is adequate for species which form 
hierarchies at least during part of the year. However, it is not an 
appropriate test for solitary predators, schooling fishes, etc. This 
brings to light my recommendation that several behavioral approaches 
should be developed and utilized for examination of fish of various 
lifestyles. For example, swimming stamina or avoidance tests are 
ideal for anadromous species who rely heavily on their swimming 
performance and detection of nursery streams for spawning. 
Conversely, bluegill are not strong swimmers due to lateral 
compression and swimming stamina tests would not be the most 
appropriate type of behavioral assessment for this species. 
Behavior is sensitive to perturbation and can therefore be 
variable or unpredictable. Thus, my second recommendation, regarding 
use of this and other behavioral bioassays, is to use it in 
conjunction with other measurements such as changes in growth, the 
hemoglobin content of the blood or tissue residue levels. If used in 
conjunction with both classical partial chronic measurements and with 
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physiological, biochemical and field assessments, it could provide 
ecologically valuable information on how natural assemblages of fish 
are affected by toxicants. Additionally, field verification of 
hierarchy formation in bluegill would increase the validity of this 
approach-and further laboratory tests could be conducted to determine 
the lowest possible level of a toxicant which causes behavioral 
alterations. 
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